Introduction
With rapid changes in social and economic development in Thailand, including the control of communicable diseases and declining rates of cardiovascular disease, cancer has emerged as a leading cause of national morbidity and mortality. The 124,000 new cases of cancer estimated in 2012 do not fall uniformly across the country however, neither in terms of the magnitude of the disease nor the distribution of specific cancer types. Indeed, large regional variations are observed, including elevated incidence rates of cholangiocarcinoma (CCA) in northeast Thailand, 1 increasing rates of breast cancer among women in the three southernmost provinces, 2 and marked variations in incidence by religious group. 3 Population-based cancer registries (PBCRs) have been critical in documenting the diversity of subnational cancer patterns and ongoing cancer transitions in Thailand, supporting the need for local data to plan and evaluate targeted cancer plans. The first PBCR started in 1986 in Chiang Mai, followed by Khon Kaen in 1988, Songkhla and Bangkok in 1990 and by Lampang in 1993. Historically, Chiang Mai and Lampang are the only two registries representing northern Thailand in most cancer incidence reports. [4] [5] [6] [7] With the establishment of registries in Lamphun and Phitsanulok in 2004 and in Phrae and Chiang Rai in 2011 and 2012, respectively, the expansion of cancer surveillance in northern Thailand now permits a comprehensive assessment of the burden of cancer. Our study therefore aims to describe the geographic differences in cancer patterns across the six provinces and the time trends of incidence for Chiang Mai and Lampang, documenting possible explanations for these observations. hospitals in these provinces, as well as the National Cancer Institute in Bangkok. In Chiang Mai, data are actively collected by registry staff via visits to every hospital in the province. In each registry, the primary site and histology were coded according to ICD-O-3, 8 while multiple primaries were handled using IARC-IACR rules. 9 The data collection forms for all registries were checked and entered into database files, using the CanReg5 of IARC. Mortality data from death certificates mentioning cancer as the cause of death were matched against the registered cases in database files. Cases of carcinoma in situ were registered but not included in the analysis of cancer incidence.
Population denominators used to calculate rates by sex, age group and province were estimated from the three population censuses surveyed in 1990, 2000 and 2010. [10] [11] [12] The populations for the years 1993-1999 and 2001-2009 were estimated using a log-linear function between two consecutive censuses. The populations beyond 2010 were estimated and reported by the Office of the National Economic and Social Development Board. 13 The combined catchment population of the six registries covered 5.4 million people in the year 2010, accounting for 60% of the 13 provinces in northern Thailand.
Methods
All cancer sites except liver were grouped by ICD-10 codes according to the Cancer Incidence in Five Continents. 7 The two main histological types of primary liver cancer in adults are Hepatocellular carcinoma (C22.0) and Cholangiocarcinoma (C22.1 and C24.0). Since Cholangiocarcinoma is the predominant type of liver cancer in Thailand, 14 we grouped and analyzed cancers of the liver and bile duct (C22, C24). Incidence rates were calculated as the mean annual number of new cancer cases per 100,000 inhabitants for the period 2008-2012 stratified by 5-year age group and sex. Agestandardized incidence rates (ASR) and cumulative risk were calculated using the direct method, 15 with standardization of the former measure obtained via a weighting of the agespecific incidence rates using the Segi-Doll World Population; 16 cumulative incidence was estimated as the lifetime risk over the age range of 0-74, assuming an absence of competing causes of death.
Results

Demographics
The population structure in northern Thailand has undergone a "pyramid-to-pillar transition," with an increase in the proportion of the elderly in all six provinces ( Supplementary  Fig. S1 ). Chiang Mai, the largest province in the north, has a population of >1.6 million, whereas Lamphun and Phrae have considerably smaller populations, with around 0.4 million inhabitants in each.
Frequent cancers 2008-2012
During ). The five most common cancers accounted for 60-70% of all cancer cases in both males (Fig. 1a) and females (Fig. 1b) . Liver and lung cancers in combination comprised up to half of all male cancers with approximately the same proportions in all provinces, except in Phrae, where liver cancer alone accounted for two-fifths of male cancers and had the highest incidence rate in northern Thailand (ASR 5 33.1/10 5 ). Among females, breast cancer was the most common cancer, accounting for about one-fifth of all cancers in each province. Lung cancer was second most common in females in Chiang Mai, Lampang and Lamphun provinces, whereas in Phitsanulok and Chiang Rai, cervical cancer was second most frequent. As with males, liver was the most frequent cancer among females in Phrae, and the second most common female cancer, accounting for 15% of cases.
The cumulative risk as an approximation of the lifetime risk of developing a cancer in each province is shown in Figure 2 . The cumulative risk of lung cancer was highest in the male population of Lamphun (5.6%), and also elevated in Lampang (4.6%), Phrae (4.5%), Chiang Mai (4.3%) and Chiang Rai (4.2%), compared to Phitsanulok (2.3%). In females, the highest lung cancer risk was in Lamphun (3.3%), What's new? Population-based cancer registries (PCBRs) and a national cancer control program have been instrumental in facilitating the collection of cancer data in Thailand. Growth in cancer surveillance has been especially significant in northern Thailand, which house six PCBRs, several established only within the last 15 years. In our study, cancer trends and burden in northern Thailand were assessed from PCBR data for the period 1993-2012. The data show that overall while lung and cervical cancer incidence rates declined, colorectal and breast cancer incidence increased. From 2008 to 2012, liver, lung, colorectal, breast and cervical cancers were the major cancers in the region.
followed by Chiang Mai (2.8%) and Lampang (2.6%). The risk of liver cancer was very high among the male population of Phrae (9.2%), indicating one in 11 men from the province develop the disease in a lifetime; the corresponding risk was also relatively high in Chiang Rai (5.0%), Lampang (4.4%), Lamphun (3.8%), Chiang Mai (3.6%) and in the female population of Phrae (3.4%). Female breast cancer risk was fairly uniform across the six provinces at around 3%. The cumulative risk for cervical cancer varied from 2.7% in Chiang Rai, to around 1.4% in Phitsanulok and Lampang.
Changing cancer profiles 1993-2012
To assess the changing profile of cancers in the region over two decades, the top ten cancer rates for the years 1993 and 2012 are presented, with changes in their rankings, in Chiang Mai (Figs. 3a and 3b ) and Lampang in (Figs. 3c and 3d) , respectively. Figure 4 presents the corresponding time trends in incidence over the same period. 
Data quality indicators
The percentage of morphologically verified cases (MV%) and cases identified through death certification only (DCO%), markers of the validity of the data are shown in Table 2 . Only in the Chiang Mai and Lampang registries was the MV% for all cancers (except liver) >70%. The DCO% for the most common cancers and all cancers combined (except liver) were very low in both the Chiang Mai and Lampang 
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registries. The other registries have a higher DCO%, especially for liver and lung cancers.
Discussion
A cancer surveillance programme, built around a PBCR, has a major role in informing the initial phases of a national cancer control plans, monitoring progress and evaluating the implementation of specific cancer control policies. [17] [18] [19] Indeed, registry data have been central in assessing the magnitude of the cancer problem in support of the cancer control program in a number of countries in social and economic transition. [20] [21] [22] [23] [24] Thailand launched its second NCCP in 2013 covering the period 2013-2017. 25 The NCCP comprises a number of interlinked strategies, including cancer informatics, primary prevention, secondary prevention, tertiary prevention and treatment, palliative care, as well as cancer control research and capacity-building. One of the major plans within the cancer informatics strategy is to develop high quality hospital-based and PBCRs in every region in Thailand.
In our study, we examined incidence data from the six PBCRs in northern Thailand that account for 60% of its population, highlighting the importance of liver, lung, colorectal, breast and cervical cancer among the 13 constituent provinces over the period 2008-2012. While these neoplasms accounted for >50% of cancers in the region, equally, wide variations were observed, including a very high incidence of liver cancer among males in Phrae, corresponding to one in 11 men developing the disease in a lifetime. These rates are comparable to those observed in the north-eastern region of Thailand, where rates have been historically highest in the country. 26 Cholangiocarcinoma was the predominant type of liver cancer in the northeast, accounting for a majority of liver cancers and associated with liver fluke infection. 14 While liver cancer is now the most common male cancer in northern Thailand and an increasing trend was seen in Lampang and Chiang Mai, the cancer is not within the three most common in southeast Asian countries. Furthermore, a decreasing incidence rate of liver cancer has been observed in many countries in Asia. [27] [28] [29] [30] [31] [32] Lung cancer has been the most common cancer in northern Thailand, as noted previously in Lampang, 5 although declining lung cancer rates are now observed in Lampang and Chiang Mai for both sexes, as in seen in other countries in Asia. 29, 31, 32 indicating concerted efforts to implement tobacco control policies are still vital in the northern region of Thailand, as well as the whole country. Breast cancer was the most common female neoplasms in the northern Thailand with ASR of between 26 and 33/10 5 . This is half the rates in Singapore, the country with the highest rate among southeast Asian countries (ASR 5 62.7/ 10 5 ). 27, [29] [30] [31] The highest incidence in northern Thailand was 
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observed in Lamphun in the region, but still higher rates are observed elsewhere in Thailand, with the highest incidence in Bangkok and Chonburi, more urbanized provinces than the region under review. 26 A clear rise in breast cancer incidence in Lampang and Chiang Mai is observed from 1993 to 2012; studies focusing in the southern part of Thailand have also indicated increasing rates, 2, 35 notably among postmenopausal women that will comprise a predicted 80% of all breast cancer patients in 2030. 2 At present, there is no nationwide mammographic breast screening in Thailand. Breast selfexamination and clinical breast examination have national screening campaigns; together with voluntary mammographic examination they comprise the secondary prevention strategies for breast cancer. 25 The relatively high rates of cervical cancer in northern Thailand now appear in decline, especially in Lampang. 5, 26 Such a declining trend has been established in southern Thailand since 2000, with the world age-standardized rate predicted to continue to decline to between 5 and 10 by 2030. 21 Prior to 2000, there were various opportunistic screening campaigns, until an organized cervical screening program was established in 2002 with national coverage reaching 68% by 2009. 36 The decreasing rates across both northern and southern regions in Thailand points to the success of national cervical screening program, although further studies from others regions are needed to confirm the results.
Among the top five most common cancers in the region, colorectal cancer is becoming an increasing public health problem, not only in northern Thailand but also in most countries in Asia. This cancer is placed within the top three most frequent cancers in Japan, Singapore, Malaysia and Taiwan. [28] [29] [30] [31] Even though the proportion of colorectal cancer in northern Thailand was lower than liver, lung, breast and cervical cancers at present, the rates have increased significantly from 1993 to 2012 in both sexes in Lampang and Chiang Mai. The study of incidence trend in Thailand for the period 1989-2000 has revealed rapidly increasing rates in all regions, especially in the central region of Thailand that include Bangkok. 37 Increasing red meat and alcohol consumption were reported as possible contributors in several recent Thai studies. [38] [39] [40] In addition to secondary prevention efforts for cervical and breast cancer, the NCCP has established a nationwide screening program for colorectal cancer. There is an ongoing health economic evaluation of fecal immunochemical test (FIT) as a tool for organized screening in Thailand; some studies of acceptability and feasibility of the test have already been completed, with results supporting the use of the test. 41, 42 Local cultural factors and lifestyle choices may have contributed to region-specific cancer incidence profiles and the differences observed. All registry populations other than Phitsanulok are upper-northern provinces. This region is mountainous and has a culture mixed of Siamese, Burmese and Laotian. Phitsanulok is in lower northern Thailand which has a different climate and the diet is somewhat different. The prevalence of liver fluke infection caused by consumption of uncooked cyprinoid fish is much lower within this province relative to the upper northern provinces. 43 In addition, the prevalence of smoking and alcohol drinking is lower, 33 and together they may explain the lower incidence of cancers of the liver and bile duct, as well as lung, in Phitsanulok.
To compare the incidence of cancer from different populations, comparability and the high quality of cancer registration is important. All registries in our study followed the same guidelines and standard procedures, although validity was Cancer Epidemiology more variable between registries, particularly the newer registries in the region. Only Lampang and Chiang Mai were considered as acceptable in terms of international data quality according to the criteria set out in the last volume of Cancer Incidence in Five Continents. 7 While there are limited quality evaluations in our study, a report from 2007 indicate that these two registries had a percentage of completeness >97%, based on the three-source capture-recapture method. 44 In conclusion, liver, lung, colorectal, breast and cervical cancers are now major health problems in northern Thailand. Based on the consistently high-quality registries that were started in 1993, lung and cervical cancers rates have declined, while liver, colorectal and breast cancer incidence have all been significant increasing up to 2012. A more detailed investigation of the incidence trends for specific cancer sites and subtypes at the local level are crucial to the monitoring and evaluation of the cancer control interventions implemented within the Thai NCCP.
As the approaches to the control of hepatocellular carcinoma and cholangiocarcinoma, the two major types of liver cancer, are quite different, the epidemiologic study of liver cancer by subtype in northern Thailand must be urgently conducted, all the more given the rising rates of the disease observed in Chiang Mai and Lampang. Priority should be also be given to extend the capacity of the new registries in northern Thailand, thus ensuring there is improvement in the quality and utilization of the data to drive epidemiologic research and cancer control. 
